Mode choice models generally form a critical part of the analysis of the travel demand of any study area in any country and have played an important role in transport modelling over the last decades. These models provide a detailed representation of the complex aspects of transport demand based on strong theoretical justifications. However, this paper describes the development of a mode choice model for the Egyptian main zones based only on the behaviour of travellers. The necessary data are collected using a special questionnaire prepared by the Egyptian Ministry of Transportation in 2010 and interviewing travellers at basic taxi terminals across Egypt. The mode choice model is derived using the multinomial logit (MNL), the nested logit (NLM), and the multinomial probit (MPM). The modelling execution results show that, for all the studied Egyptian zones, the NLM models give satisfactory and better results than the MNL and MPM models. The trip cost strongly affects the choice of paid conveyance, especially when it comes to work and educational trips. This may be apparent in the majority of developing countries, where the weak economic situation negatively impacts the use of expensive transportation means. However, the overall results of the present study are valuable and confidential, suggesting a reasonable transport policy intended for users in Egypt, the main purpose of which is the use of comfortable vehicles at moderate fares. It is advisable to investigate all aspects of the problem in order to reach an extensive modelling and analysis of mode choice. This will surely help to improve the prevailing transport system in Egypt.
INTRODUCTION
The deep comprehension of traveller's behaviour in conveyance selection is considered as one of the most necessary issues for transportation authorities. The transportation planning field mightily utilises discrete choice models for that purpose. In general, the travellers specify the suitable conveyance depending on their economic ability and personal priority. Therefore, the selection of the appropriate discrete choice model of suitable performance seems to be so sensitive, Chen et al. [1] . In the discrete choice theory, the MNL concept is frequently used by many researchers, although it has several familiar restrictions, Guadagni and Little [2] . One of the most substantial restrictions is the Independence of Irrelevant Alternatives (IIA) which was explored by McFadden [3] . To overcome this restriction, an available substitution is made by the utilization of the NLM for assessment in practical applications and to defeat the previous restriction, Guadagni and Little; de Dios Ortúzar [4, 5] . The NLM concept is concerned with the collection of the identical substitution into nests inspiring a pyramidal framework of the alternatives, Train [6] . The NLM can be employed for modelling in any condition where subsets of alternatives contribute hidden interest components, Chib et al. [7] . The NLM varies from the MNL in that the error syntheses of the options do not need to have the same distributional variant, Hensher et al. [8] . Khan et al. [9] applied MNL and NLM to derive modal split models concerning passengers for Brisbane city to predict the traveller's behaviour for the South East Queensland, Australia. The produced models were derived for eight travel aims. Two private vehicle types were involved in the resulted mode choice module and include Taxi and private car. The resulting final models had statistics within the acceptable regions and were satisfactorily high. The sensitivity analyses executed on the level-of-service characteristics explained their proportional flexibility suspected for each travel mode and for a specific trip aim. Enam and Choudhury [10] specified the essential restrictions on the obtainable information accompanied with the derivation of an inclusive modal split model for the capital of Bangladesh, Dhaka which is the 11th largest city in the world in resident's number. They suggested procedures to conquer those restrictions.
The suggested programs have a tremendous probability to promote mode choice models for cities other than Bangladesh as well as other developing countries which often face scarceness of data. Chen et al. [1] employed five standard discrete choice models for mode split prediction as MNL, NLM, heteroscedastic extreme value model, MPM and, mixed multinomial logit model (MMNL). They were implemented to predict mode split for actual state involving 210 travellers between Sydney and Melbourne, Australia. The results indicated that the NLM does well in fitting identity and frequency towards replacements, while MMNL model produces the most effective procedure for the mode choice forecast and the results obtained from a single discrete choice model are not effective. Yang et al. [11] adopted the route which joins Southwest Jiaotong University district and downtown, China, as a case study. The relations between independent variables as cost, time and the dependent variable as the choice prospect of the public transport were explained. Results showed that the ability of MNL was more reliable than NLM. The researchers raised several significant standards to promote the level of service. These included built Bus Rapid Transit systems, decreased the arrival period to Metro and bus stop, reducing parking capacity to dominate the use of vehicles. In Egypt, which is considered as a developing country, this point has not paid sufficient attention due to the lack of necessary data. A research towards this direction was published by, Semeida [12] which analyses travel demand models for Port Said governorate, northeast Egypt. This research explains this issue, with details which develop the performance of the Egyptian transportation system. Recently, it is possible to apply the discrete choice models in the Egyptian provinces due to the availability of the necessary data. This aims to perform the Egyptian transportation system. The present research demonstrates the implementation of mode choice models for the eight main zones included in the Egyptian transport network considering the traveller's path from an origin location to the specified taxi terminal with different travel aims. These models utilize specific characteristics for each traveller as, travel distance, cost, time, aim, and number of travels per year in order to calculate the ratio of trips which are classified into, paid conveyance (taxi, shared taxi, public bus and three wheel vehicle) and non-paid conveyance (private car and walk). The previous models standardisation employs three main paradigms as a multinomial logit model (MNL), nested logit model (NLM), and multinomial probit model (MPM) and analysing 4506 trips distributed on eight main zones in Egypt, and were collected in April and May 2010. These zones are indicated in Fig. 1 . The details of the present study are illustrated within the scope here. 
DATA COLLECTION, ITS SOURCES AND PROCESSING
The studied zones cover an area of around 296,870 square kilometres (30% of Egypt area). Also, the census of these zones is around 80,000,000 residents (90% of Egypt census). These data are taken from the Egyptian Central Agency for Public Mobilization and Statics, ECAPMS [13] . The studied zones have an important position in commerce, industry, education, and tourism. However, they attract and generate yearly a huge number of personal trips from and to each other. These considerations enhance the derivation of mode choice models in these regions for the first time.
Data Sources
The Egyptian Ministry of transportation prepared a special questionnaire in 2010 depending on interviews with passengers at basic taxi terminals in the eight zones. The time of the interviews is from 6.00 AM to 10.00 PM in two months May and April. The results of this questionnaire consist of filling 4506 forms, distributed on the eight main zones. The number of samples at each zone is presented in Fig. 1 . This questionnaire is a part of a project that has been executed in Egypt with the title (The study of preparation of inclusive transportation scheme at the national level). Two main authorities were participating in this project. First, is the Japanese International cooperation Authority (JICA), and the other is the general Authority for planning transportation projects, Ministry of Transportation, Egypt. Each form is devoted to one person and contains the following data: trip origin district to taxi terminal, trip frequency during the year, trip purpose (work, education, other), trip cost, trip time, type of conveyance, including paid conveyance as taxi, shared taxi, public bus and three wheels vehicle or non-paid conveyance (private car and walk).
The distance between the terminal and origin district (distance on urban roads) is measured by the use of Google earth maps using the exact districts names and locations. Fig. 2 indicates the road network in Egypt. 
The Used Variables
There are five independent variables that affect mode choice, including 4 numerical variables and one dummy variable as trip purpose. The trip frequency per year is calculated as follows; each form has seven choices about trip number: daily, two or three times per week, one time per week, two or three times per month, one time per month, two or three times per year, and one time per year. The traveller selects one choice of the seven; consequently, the trip frequency per year is approximately determined. There are three main purposes, the first is work, the second is education, and the third is other different purposes and includes the tour, shopping, business, and social visits. All the independent variables and their symbols are provided in Table 1 . In addition, seven dependent variables that produce mode choice types are presented in the same table. Table 1 Variables and symbols using in the present research
MODELING PROCEDURE

Model Framework
Three major types of model are experiencing for the first time at the main zones in Egypt, which are; MNL, NLM, and MPM. Fig. 3 presents the paradigms of these models and also shows the seven trip conveyances involved in the choice group created for the research. The mathematical model forms comprise; three model forms illustrated as follows. Domencich and McFadden [14] have pointed out that, this model is the most straightforward and workable discrete choice model. The assumption in discrete choice models is that when confronting a case option, person priority across every option can be substantiated by a benefit gauge accompanied with every option. The decision-maker is supposed to select the option that inserts the highest benefit. Anwar [15] has pointed out that, the abundant of characteristics that affect person's benefits cannot be monitored and must, therefore, be addressed as random. Thus, the benefits themselves in models are random, signifying that the choice models can grant only the prospect for which alternatives are selected, not the selection itself.
MNL model mathematical form
Allow U = (U1… Uk) indicates the vector of benefits accompanied by a given group of substitution, K. This group contains k alternatives having numbers 1, 2... K. The benefit of every substitution to a certain decision maker can be expressed as an equation of the monitored characteristics of the alternatives and the monitored characteristics of the decision maker. Allow α indicates the vector of variables which contain the previous characteristics and features. Consequently, Ui = Ui (α). To merge the impacts of hidden properties and characteristics, the benefit of every substitution is presented as a random variable containing a consistent (deterministic) compound, VK (α) and an additional random "error part", ζi (θ, α). Accordingly, (McFadden [3] ) the following Eq. (1) is reached:
The random troubles ζi (θ, α) can be explained as possessing several features, such as; errors in the measure of the characteristics of the data and the sharing of negligent properties. McFadden [3] has pointed out that; ζ is forged by a group of independent similar dispensed variables, with zero average and independent of θ and α. Therefore, (From McFadden [3] ) the MNL takes the following form expressed by Eq. (2):
Where Pn (i) is the traveller probability n selects mode i, Xn is a vector of commensurable properties of the travel maker n, and βi is a vector of estimated coefficients of criterion maximum likelihood procedures. As stated in the introduction section, MNL has a serious property of the IIA. The IIA part convenes that for a certain motorist the proportion of the selection probabilities of each two modes is completely unconstrained by any other alternatives. The IIA feature is a result of the hypothesis that the trouble parts are alternately independent. Hausman and McFadden [16] pointed out that, the ratio of choice probabilities for alternatives i and j does not depend on the characteristics of other alternatives. Hausman and McFadden [16] explored an extensive domain of appropriate calculation trials to discover contravention of the IIA hypothesis. This includes comparisons of logit models evaluated with subsets of alternatives from the global selection group. If the IIA hypothesis takes the whole selection group, then the logit model also implements to a selection of any subset of alternatives.
NLM mathematical form
Anwar [15] has pointed out that, the NLM framework permits assessment of percentages within chosen sub-modes, before the valuation of percentages among transport modes. In his research, such model evaluates the ratios among the paid and non-paid conveyance, before evaluation of the ratios within taxi, shared taxi, public bus, three wheel vehicle, private car and walk. This capability decreases several of the constraints of the MNL, chiefly the IIA problem. It has also been detected that the choice among sub-modes may be more sensible to travel times and costs than the choice among transport modes.
Williams [17] introduced an extensive explanation of the nested logit characteristics and considers it as an expansion of the multinomial logit model prepared to specify the correlation between alternatives and is depending on the splitting of the selection group C into different nests CK. The utility function of every substitution contains the i expression fixed to the substitution, and a term accompanied with the nest. Take i  CK.
Williams [17] presents the utility function as is given here below in Eq. (4):
The error expressions εi and εCK are supposed to be independent. In the nested logit model, the correlated alternatives are located in a "nest", which partially ejects the IIA characteristic. Fig. 3 shows a clear paradigm of the gathering of the alternatives. The "paid conveyance" is not obtainable as an alternative because it is just a trait for a nest and can be named as "composite alternative" and true alternatives "elemental alternatives". The following Eqs. (5) (6) (7) (8) , are after Williams [17] who presented the mathematical shape of a two nested level logit model.
; and
Where, Pn is the ideal likelihood of choice n; Pn/i is the subjunctive likelihood of selecting substitution n offered that individual has chosen the choice-set i; Pi is the probability of choice, the choiceset i; zi are characteristics of the choice groups; Ii is named the comprehensive worth (log sum) of choice-set I; β and γ are vectors of coefficients to be evaluated; and θi is the coefficient of the comprehensive worth (Log sum) of choice-set I. If all comprehensive worth parameters are limited to be 1, then the NLM will be the same as MNL. The NLM is convenient with random benefit maximisation if the cases' comprehensive worth parameter (θ) is finite between zero and one.
MPM mathematical form
Daganzo [18] proposed that the MPM can be derived if assuming that random error terms follow the normal distribution. MPM model allows the situation that not all the random error terms are independent and identically with each other. It is the most generalised model as it fully reflects the realistic choice behaviours. The MNP model can be expressed by the following Eq. (9):
Where, I (.) is the index function, I (.) =1 means that the decisionmaker has the one with max utility chosen, otherwise will be zero, ) ( n   obeys multivariate normal distribution. The previous equation has very complex integral components. It is capable of handling with heteroscedasticity problems, defining error structures of any types, as well as dealing with error terms related to time series by using panel data. The only limitation of MPM model is that all the error terms of utility functions must normally distribute, Chen et al. [1] .
Calibration of Models
The results of modelling are obtained by using XLSTAT software package [19] With all parameters are set to zero). In addition, log-likelihood ratio index (ρ 2 ) is used which can by Eq. (11):
Where, the value of rho-squared mensuration places between 0 and 1 (this is the same as the R 2 measure for linear regression models). Zero value explains that the model is worse than the original one, on the contrary, one value gives an ideal model; in which, each selection is predicted truly.
DATA ANALYSIS AND RESULTS
The analysis includes eight models for the selected zones as mentioned before. Three main types of models are applied for the first time in each of the Egyptian zones as; MNL, NLM, and MPM. The results are presented in Tables 2, 3 , and 4, respectively. Table 2 presents the estimated parameters journey to taxi terminal. The considerable characteristics are located in dark cells. The examination of the variables of the model for every zone, the determined coefficients for the trip distance, cost and time variables (level of service characteristics) has the predictable negative signs and they appropriately passed the 0.05 and 0.1 level of significance. For zones 1, 2, 4, and 8, the trip distance, time, and cost are effective. The trip time and cost are significant for zone 3 only. In addition, the trip distance and cost are significant for zones 5 and 6. Finally, the trip distance and time are significant for zone 7 only. In terms of trip frequency, it is significant only for zone 8. For trip purpose attributes (dummy variable), only education purpose is effective for two zones 2 and 8.
MNL Results
Reviewing the goodness of fit measures shows that, the four models of the zones 3,5 and 7 are acceptable. Considering the statistical measures of these models, the acquired log likelihood values when converging (LL (β)) are -292, -16.5, -12.8, and -104.53, respectively. The overall fit of these models is rational according to a log likelihood ratio index (ρ2) of 0.21, 0.826, 0.527, and 0.342 that mean all variables produced in every model are statistically considerable. Also, the number of correct samples does not exceed 80 % for the previous zones. Therefore, these models still need improvement and promotion.
NLM Results
The results of NLM are presented in Table 3 . In this model, the significant attributes are indicated in shaded cells. Reviewing the results of the model for each zone indicates that the best accuracy is verified with the MNL model. So, the use of NLM procedure is reliable and has a suitable guidance in the present case. 
MPM Results
The same steps are done for MPM, Table 4 . Investigating the results of the model for each zone indicates that the accuracy is less than that in the MNL model. Hence, the use of MPM procedure is not accurate and misleading in this case.
DISCUSSION OF RESULTS
Reviewing of the reached results shows that these are different, depending on the type of model applied on each of the eight studied Egyptian zones. This may be expected since these zones have different demographic, transportation, and finance features. On a comparative basis, the NLM gives the best results for the studied zones, which for simplicity are discussed and explained for each zone respectively as follows:
Zone 1 (Port Said): The census of this zone is 603787 residents [13] . According to the same source, the zone area is 1351 Km 2 . Thus, the residents of this zone estimate only 0.75 % of the total census and 0.14 % of the total area of Egypt. The average personal income in Egyptian pounds (EP) per year in this zone is 26181 [13] . In addition, four modes are used as follows: T, ST, PC, and W. According to results in Table 3 , the significant variable is mode cost for paid conveyance (T and ST). Also, trip time is effective for walking choice.
Zone 2 (Ismailia): The census of this zone is 942832 residents [13] . Also, the zone area is 5066 Km 2 . Thus, the residents of this zone estimate only 1.13 % of the total census and 1.71 % of the total area of Egypt. The average personal income in Egyptian pounds (EP) per year in this zone is 26312 [13] . Moreover, five modes are used as follows: T, ST, TT, PC, and W. Table 3 shows that trip cost is significant for paid conveyance (T and TT). Trip distance and time are effective for paid conveyance (TT) and the two non-paid conveyance. The trip purpose other is effective only for mode T. The probability of using T increases with this trip purpose.
Zone 3 (Suez): The census of this zone is 651848 residents [13] . The zone area is 10000 Km 2 . Thus, the residents of this zone estimate only 0.79 % of the total census and 3.38 % of the total area of Egypt. The average personal income in Egyptian pounds (EP) per year in this zone is 28969 [13] . Also, four modes are used as follows: T, ST, PC, and Walking. Table 3 explains that trip cost is effective for paid conveyance. In addition, trip time, distance and frequency are effective for non-paid conveyance. The probability of walking increases with more trip frequency in the year.
Zone 4 (Great Cairo): The census of this zone is 16,916,979 residents. The zone area is 15034 Km 2 . In addition, the residents of this zone estimate 20 % of the total census and 2 % of the total area of Egypt. The average personal income in Egyptian pounds (EP) per year in this zone is 21733 [13] . There are four modes that used in this zone as T, ST, M, and Walking. Trip distance and time are effective for all modes. Also, the trip cost is significant for paid conveyance. Trip frequency is significant only for T mode. The probability of using taxi decreased with more trip frequency in the year.
Zone 5 (Alexandria): The census of this zone is 5 million residents. The zone area is 2679 Km 2 . The residents of this zone estimate 5.88 % of the total census and 0.71 % of the total area of Egypt. The average personal income in Egyptian pounds (EP) per year in this zone is 25474 [13] . The modes are used in this zone are T, ST, BP, and PC. The results in Table 3 show that trip cost is the only significant for paid conveyance. Zone 6 (Delta): The census of this zone is nearly 35 million residents. The zone area is 27312 Km 2 . The residents of this zone estimate 42 % of the total census and 3 % of the total area of Egypt. The average personal income in Egyptian pounds (EP) per year in this zone is 16295 [13] . There are six modes that used in this zone as T, ST, PB, TT, PC, and Walking. According to results in Table 3 , trip distance is significant for modes T and TT (paid conveyance), and non-paid conveyance. Also, trip time is effective for T and TT. Trip cost is significant for only TT mode. Trip frequency is effective for only PB mode. The probability of PB decreases with more trip frequency per year. In addition, the educational trip purpose is effective for two modes PB and TT. The probability of using the two modes decreases with this trip purpose.
Zone 7 (Upper Egypt): The census of this zone is nearly 24 million residents. The zone area is 107426 Km 2 . The residents of this zone estimate 28.9 % of the total census and 10.7 % of the total area of Egypt. The average personal income in Egyptian pounds (EP) per year in this zone is 12419 [13] . There are four modes that used in this zone as T, ST, TT, and Walking. Trip time is significant for all modes. Also, trip distance is effective for only walking choice. Trip cost is significant with the paid conveyance. Zone 8 (Sinai): The census of this zone is nearly 461208 residents. The zone area is 56000 Km 2 . The residents of this zone estimate 0.55 % of the total census and 6 % of the total area of Egypt. The average personal income in Egyptian pounds (EP) per year in this zone is 25693 [13] . The modes are used in this zone are T, ST, and Walking. The results in Table 3 indicate that trip distance is effective for the three modes. Also, the trip cost is significant for paid conveyance. All the previous results are rational.
Finally, Fig. 4 clarifies the comparison between the three models in terms of ρ2 and percentage of correct samples. Overview of this figure assures the success of NLM over MNL and MPM for all the studied Egyptian zones. 
CONCLUSIONS
The present research is applied for implementation of mode choice models in the main zones in Egypt considering the traveller's path from an origin location to the specified taxi terminal with various trip purposes. The substantial conclusions of this research are listed as follows:
. The NLM models gave better confidential results than the MNL and MPM models in terms of the mode type prediction for all the studied zones. Investigation of the parameters of this model for each zone, including; the estimated coefficients for the trip distance, cost, and time variables (level of service attributes), shows expected negative signs and they satisfactorily pass the 0.05 and 0.1 level of significance.
. Generally for all zones, the trip cost is so important factor which strongly affects the choice of paid conveyance. The travellers prefer to select the conveyance with lower cost, especially in work and educational trips. Economic conditions of the people, especially in developing countries force them for this choice.
. For entertainment trips, the probability of using Taxi highly increases because these trips have a special status as these are usually performed by people having a good economic condition and prefer riding a comfortable transportation means. It is clear that the repetition of these trips during the year does not exceed five or six times, however, increasing the probability of this choice.
. For all trip purposes, the probability of using taxi decreases with more trip frequency in the year. This confirms that the weak economic situation negatively affects the use of the transportation means with expensive cost . As a rule for all zones, trip time and distance are effective for walking choice. If the time and distance do not exceed 5 minutes and 300 m respectively, the traveller prefers to choose walking. In addition, the probability of walking increases with more trip frequency in the year, which means that the economic conditions highly control this choice.
. For zones that have a relatively wide area such as Delta, Upper Egypt, and Sinai, the trip distance and time is effective. In this case, the travellers prefer riding a shared taxi rather than the taxi because of its lower cost than the taxi.
. In view of the purpose of the educational trip, it is effective for two modes: public bus and three wheels vehicle. The probability of using the two modes decreases with this trip purpose. These two conveyances are the most uncomfortable for travellers, especially for educational trips.
Finally, it is recommended that future papers should be conducted to extend all aspects of the problem in order to reach more extensive modelling and analysis of mode choice. This will surely improve the transportation system in Egypt.
